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ABSTRACT
Received: October 21,2020  As ammonia gas caused by nitrogen supply source such as urea in soil is identified as a source of particulate
Revised: November 5, 2020 matter, an eco-friendly method to reduce ammonia gas emission while using chemical fertilizers to provide

the nutrients required by crops is needed. Therefore, this study evaluated the effects of microorganisms,
biochar and fly ash, known as soil conditioners, on the amount of ammonia gas generated in urea-treated soil.
The ammonia gas emissions from the soils treated with urea rapidly increased in 2 days, and then declined
sharply between days 3 and 15. On the other hand, as a result of adding biochar to the soil treated with urea,

Accepted: November 6, 2020

ORCID the amount of ammonia gas that occurred rapidly in 2 days was reduced, which was dependent on the added
Su-Lim Lee amount of biochar. Both Alcaligenes faecalis subsp. and Brevibacillus sp. was effective in reducing ammonia
https://orcid.org/0000-0001-8857-2895  gas generated from urea treated soil. However, the amount of ammonia gas generated from urea-treated soil
Dong-Cheol Seo under different fly ash dosage increased gradually as the amount of fly ash increased, which was considered to

hitps://orcid.org/0000-0001-8515-0670 be clqsely relateq to the pH variation of soil. Above all., b1oc.har and microorganisms have a positive effect on
reducing ammonia gas generated from urea-treated soil, while fly ash has a negative effect.
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Biochar and microorganisms have a positive effect on reducing ammonia gas generated from urea-treated soil, while fly
ash has a negative effect. [Control (soil 50 g), S+N (soil 50 g+urea 1 g), S+N+1.0B (soil 50 g+urea 1 g+biochar 1.0 g),
S+N+1.0FA(soil 50 g+urea 1 g+fly ash 1.0 g), S+N+BB (soil 50 g+urea 1 g+ Brevibacillussp. 5 mL), S+N+AF (soil 50 g+urea 1
g+ Alcaligenes faecalis subsp. Faecalis5 mL)]
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Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any
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Introduction
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(Bassi etal., 2018). g A 40] A& 572 L A=A Thild e Aalalo] R B ge Zefehta o
ot whRle], Tt o] FRE A2o] Ml e zefelo] AEe] Sl B4 AstAInk Bt
=}
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(Kim et al., 2007). °]2} o] 2= & F4= T5A717] Sloiide 240 88219

a7t g asiet
gtz o 2 EQhfjollA] HAAO] 42 AE Hlo] QuAS] AJA, ko Bit WAt 82 9 g vkg-S S5t
o Lot} (Venterea et al., 2020). 55], EFUHjollA] o} ke Bk} AlEAto] o] B S e &

5
T ob et s g olA AR E ZulAHz]| o] YRIEA R By me} o]5-2 Aftel] gt AT B I
AR E] FEE7] AJZS1ITE (Zhang et al., 2015; Wu et al., 2018; Choi et al., 2019; Tao et al., 2014).
SYFolA dRuo} ke A7tk fleiA hasd BIEARE, f7]- At el S B, &7ld] A8, A=
7N urease A 2]eF -2 TRt 7]&E0] 7R E] o] $irt(Wang etal., 2016). SEAIRE 7|& S-S A4 5710l A
&op7oll Al go] B, T2 HE Y ER= 2210 ¢ o QI 0 & <lof| Z-go] AlgtAolet B E| It (Guo et al.,
2019). o|e} o] Lo} ShkS 2|st7] flal TRt 71eEe] Ba E AAESolE E6k, o5 g s
7he A= AAMEE A1) Q1o et = E ARSI QLAY ofof sfirttt SitEl= (R Yot 2 ST kol A
olt}. 1A, ZFEo] Bagt s RISl flof 2fetH]|EE AHlshAA & R Uol gk A7 4 Sl

QA= <t Wasid

%
rr

3
Ho] @ uiAE Hisfslo] A3 T4 2A] (Chan et al., 2007), EF] Ao 7171 21 ES7NFAI = ARE
= 5 0™ (Yao et al,, 2012), AAE Ee] A2fotGs o 222 f-glgo] S7ietal EFEA/NAe] 5
thal BTt (Major et al., 2010). Fly ashi= 1204 Agkg dasto] AAH 2HR22 A o =2 247

ARG ER BRE 0] AN ol 58 B 283t 49 T4, a5t 9l AJESHA
A2 B8 4 U1, TP E2 7R RRRSRL Qlof A=) M-S A 4= Sl Al
T}y B 1 EojFch (Jala et al., 2006). Hu and Qi (2013)°]] w2, B9 tof -F-80]8=2] A2]
3 EXT 4 QloH, Tl gA] 7159 A 8-S sto] EIFR e} vl Eo] 2FEo] A%

Harskeiet

SEA]9L, biochar, fly ash 2 -8 PR 22 187 2752 EGA A Ry o} Sfitof] ofwgt Faks m|A]
Zlof) it A= vlHfet Aol ERY, Kim et al. (2007)2 EFHollA SR of flite] EFpH, B, EY=
9 H| 257t 22 ESEAJ S Hol o] 2]ulA Q] ok Hh=rtil B 15}3l7| wiitol o224 9 & biochar, fly
h 2 78 nE0] EGA 7 o} $jite] ojwfgt Faks nlz]of tigh dl5o] 7Fs 8] HEL olF A2
T2 521 oo} BjateS AFEslal Bl w et A= Z5et o]t o]of 2 Azl FUgt oA o
S 71 BN 21817 24 (biochar, fly ash & 3-8 n]AE)E2] EoFA| 2o k2 ot Lo} BHAIERS H
Stod F7 Aol WA == St Uol 7R it XA H18hE A E AT 4 qlrtal dhakert.
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1 ETE o R RohfelA] kol fE Aol 7Ky Axael BiE 187

Materials and Methods

SAIE 2 AN AT SAIEFS AR Tl A2t 3 ARl oA A5 stAaL, SFoFA 5432 Table 137
2t} pH, EC, §71%, 84 W Ak 2174 6.1,0.06 dSm™, 26.1 g kg'1 5.5 gkg' @ 149 mg kg ©]3ich.

H Ao AR EfEg 2184 A4 biochar, fly ash, -G-8 S 2% 5 3712] 2212 AF85te] 296151
t} Biochar B3-S o] &5}o] A|zstach Yo 7ked Afddz oz tho1 2 AL 27)510] AFRSI.o T, EHo]
RESI o 24T} B8 A Slste] SR AHEE F 80°C dry ovenoll ] 24A17F AZHTh, 7%
& TP o] 45t Fsted Weleh 5 biochar AIZAAo] EaT 600°CoIA] 2A17HE ST AEaliatdrt. G5
“4&3F biochar AZF2] WRE 9714 21& T=551] flste] NS 524 05 Fsiginh Alzd o

biochar 0.5 mmE A] AE3IAAL, H7] F-20f 420l SEA] @Al gste] 8710l Hasialet. & Ao ARs-
o

i

i)

it &

A biochar®] 2fe}2] 5732 Table 29 o] vt Tz =014 Jlom, I50] 542 drel 5 9
/}_]—aln—,_/;l-gq] A% biochar2t-FAFRH54-& H ATt (Ahmad et al., 2014; Park et al., 2019). ¥ A gof| A A}-8<3H 1y

ashi= Hfo]| Ui~ AP 2R 751 om, Aol oA fly ashtiof] ZkEsk= 22 AlASH | #1sl dry
oven (80°C)N|A] 24 A7 59t A5 Fly ash @] 5F8l2] E44-2 Table 33+ 2t 47| A5 biocharel= &
fly ash= 724242 S mr, tiR-E 27|50 2 A5 o] A Q1Qict, Adlof| ARESH u|E-2 Brevibacillus sp. (BB)
Y Alcaligenes faecalis subsp. Faecalis (AF)2] 2552 AH8o19 0, T & 5= HEALYUAE (KCTC)oA B4
Hrola] A15lo]] AR&519ItE BB 2 AFE nutrient broth BlFol|A] B8-S <=7} 10° CFU mL™' 0] =]%-2 shaking
incubator (180 rpm, 30°C; HAN BAEK SCIENTIFIC, Co. Ltd., South Korea)©llA] 24 A7} Bi&FSHSTt.

Table 1. Chemical characteristics of soil used.

pH EC oM T-N Avail. P,Os
1:5 dSm’ gkg’ gkg” mg kg
6.1£0.1 0.06+0.01 26.1+0.4 5.5+0.1 149+ 1

Table 2. Chemical characteristics of biochar derived from fallen leaves.

pH C 0 N T-P K Ca Mg
1:10 0 e
8.1+0.1 587+14 204408 2.0+0.1 0.42+0.1 21+ 1.0 15402 0.4+0.1

Table 3. Chemical characteristics of fly ash.

pH T-C CaO MgO Na20 PzOs Kzo
1:5 %
13.1+0.06 1.10£0.02 3.44 +1.38 3.90+£0.23 1.35£0.05 1.35+£0.04 1.29+0.15
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Lab-scale
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Fig. 1. Apparatus for collecting ammonia gas.

4E &Y Biochar FYUH] T Lot pA0] S EAGE AW ] 5] oFH ™ LE (295.9 em’)ell B
50 g& SXokal, FA2E AlLlet A el+oll B g ureas 0.02 g A 2|5t} Ureas A 2all & E<F g biochar
o] AJHIZES 0,002, 0.01, 0.02 2 0.05 ¢.© & Gejsigiet. WHa TEYR oS54t 7}A 9] Geke QekAm | I,
min” &2 90| Aok F717t FYEA st o, WAE Lo} 7k gas bubble trap flask (0.05 N
H,S04)0ll € 7HA 0 2 1597t 2551t

Fly ash ==l T2 ot ot 7k2 vigS4S 2ABE | flal =9 50 goll urea 1 go] 5313 of 3 2E|| fl
ash FU=FS £ g9 0.005,0.01 2 0.02 g0 = Feoto] ZAFSI M, T1 o]9]o] el JIH2 /7] Aae AeH
H7t i FUsHA Salatalrh

AR ol T2 ol 7hs RS AS 2AH] $I8 o2 HE U] EoF 50 g urea | g FSHL,
E] TP QfitLjo} 7kA= gas bubble
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Lo} 7tA ZEE A BM  E A AR AHYOF A R =Fig. 137 o] o] 5/ 7EAR, f Y
oF 7R PR, Sl ol T4 0] 352 T EIo] AJREIIc, Wi} Rt ol mEo] A Kok A
Z=H| =, biochar, fly ash % P& 52 el Z2730]&o] whet 2 2fshlal (Y of 7k EAR, of7]of| A g
Sh= Yo k=air pump (1574 7EA4; Kosung Valve, Co. Ltd., South Korea) oA LhQ+= o] 54 571 0]l 2JafiA]
gas bubble trap flask (FHHOt 7k EZE 0.05N HS04) 0l ZR A H}. o]df air pumpoll A L= 5719] -f=F
= GAsH 24517] flolA 7E 5] (cole parmer®)E ARESHITE EYEH -] R Yot F= SR 4

AT AAA7IE T A7 AL 23 (1=lzr)ofl SIsf 24 2T (APHA, 2005).

SHREM F AFoA BE A2 3o = 30613 0, B H|o[E 9] FA M 2= Statistical Analysis
Software (SAS ver. 9.2) L2 I35 ]85} A 2|7 EAHEA] (ANOVA)S ST A 2] 9] E3H= Duncan T

SHE (p=0.05y F5t ol 75 THSIAAL Hlolel= Fatgh + EF 2z 2SIt

Results and Discussion

Biochar EJ20]| 2 AZL|O} 7tA HIESM Biochar Tl ohe R Yo kA viEE54d-2 Fig. 29}

Er}. FAMNA] Bl urea A2l ThE AR Yot HEE/dS Bl et At urea”t U HA] 22 B (Control
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A2 Thyollrl= Yot AL HlEEZ] IRtk BiocharE A 2JskA] Al ureaTh £ Y7+ A2 (S+N 2271 9]
FollA tmuo} 7k viEERS 22 el 7.9 mg kg 2.2 FA 3] S5 oH, 294} o] T2 M A o7 ThAst
o] 1392} o] F o= 1.1-1.2 mg kg 7] A6tk
Urea”} 2215 B 0.1g9] biocharE F19t 2|7 (S+N+0.1B 227 0] EoIA = FARE Foko =2 2%}
of o} 7kA HH¥EF0] 3.4 mg kg 0 & eItk 29t o] F & A 0 & 744610] 0.6-0.9 mg kg 7HA] A
Sttt efmyof 7k WAY sl Hio] 9.2t §-Rofl AFglo] fARRT Ol AT, S+N+0.1B 22|27t S+N {2
ol Hlsf] fE o 7kA i ETRE oF 28l A= AAsk3i
Ho] @ 2} Ffegof| mhE H o} 7iA ufERRS Hio| @A} Folgo] S7F 5 R Uo) HiE e 45k 1)
o], 7H Hio] @2} Tl o] 22 S+N+0.1BA 2|5 A|LJeh B= o] @ 2} A 2] tollA] 2 2tof §45] 57t
O}L 7o) AR 9T 5 (0.1-1.6 mg kg ) =20 2 {2 E gl
15U7F 2] oFr Lo} 7hA HhAlEke SN 2 2] 7o) EFollA] 55 mg kg o] HHAS] biocharS 2] 2]3t %]
—7—01 S+N+0.1B, S+N+0.5B, S+N+1.0B, S+N+2.5BollA] 21223 .8, 14,10.2 D 6.1 mg kg © & biochar] F¢j&o]
57 Fetoll whet Yot HilE o] fh4a-oh= 74| 31tk Mandal et al. (2016)©] AHollA HAH]| 25 FAt Bl
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Fig. 2. Ammonia gas emission and soil pH change in soybean cultivation soil (S) with urea (N) under different biochar
dosage. [A: Ammonia gas emissions per day according to amount of biochar treatment, B: Accumulated ammonia gas
emissions for 15 days, S+N (soil 50 g+urea 1 g), S+N+0.1B (soil 50 g+urea 1 g+biochar 0.1 g), S+N+0.5B (soil 50 g+urea
1 g+biochar 0.5 g), S+N+1.0B (soil 50 g+urea 1 g+biochar 1.0 g), S+N+2.5B (soil 50 g+urea 1 g+biochar 2.5 g)].
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poultry litter biochar % macadamia nut shell biocharg A 2|50 ¢FH Lo} 7EA vjlE EA-S ZARGH AT ol 52 2
ZeHmR A 2] Bl Bl 212F70.5% B 64.1% #AFekal B skedet. o]@F -2 A= biochar7} R Hol©]
2o tisll S 2& 7HA AL s Rt o2t Eduljof| Yt At aa 57t EASH uH o] B Ho] Yol miE
o|t}. T3k Spokas et al. (2012) X Mandal et al. (2016)+= A2 Uo} 7147} biochar F5H 2] carboxyl group©l] NH, 2}
amide radical group= FAISH 4 131, ©]2]3t biochar EH O] A5} Q15)] FR Lo} 7EA7FNH, " AYE 2 oFo] 25}
&, o] 52 biochar FHOI|A] ol wek §E-gof] ofaf S2bdof whet ef ey o} 7kA MRS A 4 ekl
HArsk3iet

0|9} 2] Sha et al. (2019)= A4H] 27} A2]E ko] biochar] £¢4-%-8 gejsto] ehmi]o} 7pA ufEaks
2AF51512 1, biochar ] AUl Z71ate] nfe} ghmjo} vk Z7Riek B sk, olot 28 A= A
Aol AR Bl AHMIEJe]AL biochar= &2 2132 M7 whzol| biochar®] AJH|Fo] F7 el whet B9k
pH7}F 571 o] o} 2like BS 715827 ] wilzoletal e,

SEA]gH 2 Addof| A= ofibd Efel vl S pHE 71 biocharE 161317 WiZell biochar £S5 2
Sto] Egoll Ae]stiS ol E<F pHe 74129} Blasto] {02191 Zfol S LEhiA] 29kTt (Fig. 2). ol2iRt o]
A] biochar 3o S7Ietol| = Bkl o} HiE o] F715HA] 9AR%aL, biocharol] osf o} 7k~ F2}
S AAtshof] ofsl et Yol HiiE o] ARt A o8 whtE,

o]@} ZFo], biochar= 2P| =71 42|l EGRC 27 E WA= ot 7kAS A7 4= Sl
go] 7t A o = etk sEA|T biochar S o|-§oto] YU 7AS B84 0 2 A3tely
biochar®] /82wl W a7} glom, Tof BHA| H|=E AlH|sliof & A 0 &2 Teter,
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Fly ash £I2foll ME AZL|O} 7tA BIEEM  Fly ash FYF| I2 dmoprtA viEEAd2 Fig. 374
2t} UreaTt A3t EgolA 297}l hmujol 7k~ BAERES 7.52 mg kg ©oIE HHHe]l E<F g 0
(STN+0.1FA), 0.01 (S+N+0.5FA) 2 0.02 g (SN+1.0FA) 9] fly ash S A ]5]| T8 wff Qrravjo} 7px Wby 7}
7+8.3,12.6 B 17.2 mg kg 22 fly ash©] F-¢lgo] S7Iglel wet S7iohe Aaolleh & 159 B2t e by
oF 7h WPAHREL: A2 S A 215t ureatt A 2]t Bl 41.9 mg kg 02 7P U9k O v, fly ash £ 0.005
0.01 20.02 g wff Lo} 7hx RS- 717F53.7,70.5 € 95.2 mg kg 2.2 Eof| fly ash ] A8+ S71et
of mzt Z7tshe el At

371 Am g EellA s viek o] fly ash®] pH= 13.12 1352 218 E18H 4= Q1 3ITh (Table 3). o213
7R g e fly ash7h B pHOYl of w3t GF& IZ=AE Eokir] $1stod fly ash AH]EE 225t
EY pHE AR 2, Bl fly ash #2]&o] S71d-5 B pH7F =oHAE el loH, 53] S+N+1.0FA
A2 (pH 9.27) 2] pH= fly ash7F F U] 242 SINAET (pH 7.49)°]] HIsH 1.8 S71)= Zha =0 = 9
o (Fig. 3). 2 A7-23}llA fly ash Tl ge] 7 Fetell wheh 9 pHEF R Lo} 7k gao] v A o 2 Z7tshe
& Hobg Aol Aol A} Sla& A5 o AT o= urea”t =gl 7121 A] = ammonification o+
7 (Eq. 1):& 554 NH,", CO, E OH & #-5l17} =1 pH7 a2 B HiollA] th=ke] OH 2FNH, 7 §E-8-61 (Eq. 2)
NH; (A3 HoF 7822 H07F 4517 el B pH7F 57 Fetell mhet efidyof St o5 S7ieital Bl
% v} Jot (Bolan et al., 2004; Mandal et al., 2016).
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CH4N,O —NH," + CO, + OH’ (Eq. 1)
NH, + OH — NH; + H,O (Eq. 2)

OIS A2, fy k] EPANE EFpieS SA UL ST 1 71 hEed Aefor A
S

O|¥E ol mE YZLIOF 7tA HHE EH  1IE Toll & G Yol 7kA viE EA2 Fig. 492ttt v
RYE-S 4 2]51A] 2 ureat A 2|7 EFof| =22 2]0]] 6.88 mg kg 0. & ¢ Lo} 7k diiEo] FA51A S 5]
How 3%‘?}1‘%‘3 ;ﬂzﬂ—?J o}ﬂrﬂ 1298 2 179 2 "7}0} A, 20°W°ﬂ 2.12mg kg o= ‘”EHOU}

A 20 ¢ —x—Cont
5 —=—S+N
o 16 L —+—S+N+0.1FA
4
Eu —4—S+N+0.5FA
~ —e—S+N+1.0FA
g 12
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a 8
(3]
c
[
(S
z 47
T
=z
0
0
Time (Day)
B —e—Soil pH
120 412
’VT e
= 100 |
T
e 19
S 80|
(=]
% N\ b o
E o
< 60 | \ 6 =
z \ &
* \
4
s 40 \\
3 \
5 3
S \
E x| -
] \
< \
(- N 0

Cont S+N S+N+0.1FA S+N+0.5FA S+N+1.0FA

Fig. 3. Ammonia gas emission and soil pH change in soybean cultivation soil (S) with urea (N) under different fly ash
dosage. [A: Ammonia gas emissions per day according to different fly ash dosage, B: Accumulated ammonia gas
emissions for 15 days, S+N (soil 50 g+urea 1 g), S+N+0.1FA (soil 50 g+urea 1 g+Fly ash 0.1 g), S+N+0.5FA (soil 50 g+urea
1 g+Fly ash 0.5 g), S+N+1.0FA (soil 50 g+urea 1 g+Fly ash 1.0 g)].
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Yo} 7k dhAgekg Holchrt 17984100 4.85 mg kg' 2 F71519 00 o] 2 229 mg kg 2.2 7HAsIAL. 514
Tk Bl AFE 7}@ A2 (SHN+AF) A fFR Yot 7k MAeke FA 6k S7 ol 11t glo] 242 1.22 - 2.22
mg kg WS FAIEHAE F 209 59t ¥ G ot 7k TAIEES ureaTh A 2] g EGOIA 61.8 mg kg 0192
|, AF 2 BB 7}0} E ool WA s 2] oF L jo HhAERS. 7171 37.4 2 48 5 mg ke | O 2 T 0 R b
Yol 2 zte]] EapAo]qlrt. 2 A7lol| ARgE ndE-2 R Lo sk} wPgof Tofst= P EEA LelA QL
t}. £5], AF= 57|14 Z7dof|4] Aitstel @stE FAlo] s 4= Sl nA8EEA s o] fyof 2ol A
I Aol Aeli=]=] ghe Uﬂ Aol 7kA AR Frael] 2 RS nIXIThal B ST (Jung et al., 2016). E3F

ok

BB= ftuo} 415} nAlER FAlsl 3y F ftES obE4htY o2 ARIA7) = 9 gt (Matsuno et al.,
2012). o]2{gk o]-follX BB= ureai—rH 251 NH, o] &2 4t5sle] NO, 2 Astelgl7] whie] tr ol &=k

o) g 10 2 I, o] 25110 21, B 2 AL E5jel | A 1 ol 5 Ao
Sfet wakAQ) 28 SRR B8 71 e sloz P
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T 8
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Fig. 4. Ammonia gas emission and soil pH change in soybean cultivation soil (S) with urea (N) under different microbial
species. [A: Ammonia gas emissions per day according to different microbial species, B: Accumulated ammonia gas
emissions for 15 days, S+N (soil 50 g+urea 1 g), S+N+BB (soil 50 g+urea 1 g+ Brevibacillus sp. 5 mL), S+N+AF (soil 50
g+urea 1 g+ Alcaligenes faecalis subsp. 5 mL)].
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Conclusions

& A= T AR 2l biochar, fly ash B mAE #2]of w2 (R Yot 7EA viERe 2ASH 578410
M A7 Fe S Yo HIEAE SAAE AAstalAt skt & Al Bl A urea 4 2]of mhHE YR Uo7k
iS22l 545] S715he st o 2 22} o] Soll= 714 o 2 st 3itt. Urea”t #1215 E<Joll biochar
£ FUT 2297}l 545 7ol YRUot HiETo] A dar e, 1547 +4] ol viE3
= biochar 9] FiFeo] S etel whet st 4ol Alnt. "ol urea”F 221 B fly ashE #2]e A} =
Yot Bl &2 urea?t 213 Bl Hls] B Hol vlEE o™, 53] fly ash ] #2]o] S7 et w2t hrujof
HiEE T3 S/ Ak 2 AR ol AR PAIERI AF 9 BB 25 urea” A 2] % E A viEE = (R LS A

el H

okt k0|l o 43e] AihE 1]Fo] 2 , biocharS} S (AF 2 BB) At EJeIA HERE ¢t
Yol 728 Azrelr] T} gIglom, I3 5ol il A7hg ARE 28 7Ks¥ Aos Beg
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